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Tatemi Shimizu* : Cytogeographical notes on 
Chrysanthemum Makinoi 

It is well-known that Chrysanthemum Makinoi Matsum. et Nakai is diploid 
(2n= 18) 1 )’ 2 ). Its area of distribution is middle Honshu to east Kyushu in Japan. 
On one hand, however, C. Makinoi occurring on the Japan Sea side of Honshu 
was proved to be tetraploid (2n=36) and named var. wakasaense^^. According 
to Huziwara 5 ), it is strictly confined to the coast of Prefectures of Tottori, Kyoto 
and Fukui. On the other hand, I found that C. Makinoi from Mt. Ibuki in 
Pref. Shiga of Honshu was also tetraploid*". 

The purpose of this paper is to report the results of the later study and to 
approach to some phytogeographical problems of the new tetraploid race of C. 
Makinoi. 

Material plaints and their habitats 

After my roport** of the tetraploid C. Makinoi which was based upon 
only a small number of materials, more than sixty and fifteen living-samples 
were brought from Mt. Ibuki and its nearest peak Mt. Ryozen, respectively. 
Both of Mt. Ibuki (1377 m) and Mt. Ryozen (1084 m) are mainly constructed 
by the permo-carboniferous limestone, escarpments and gravelly places being 
easily found at upper elevation. C. Makinoi is much abundant there especially 
on open calcareous grassland, while it can be rarely found on the floors of forests 
or bushes. The material plants were sampled at random from foot to summit; 
most from calcareous habitat and a few siliceous one. 

In addition to these materials, some samples came to my hand from Mt. 
Myojo in Pref. Niigata (limestone), Mt. Hakusan in Pref. Ishikawa (andesite), 
Mt. Hiei in Pref. Kyoto (granite), Mt. Nonobori in Pref. Mie (granite), Mt. 
Sen jo in Pref. Tottori (andesite) and Mt. Ishidate in Pref. Kochi (limestone). 

For subsequent revision, flowering shoots of these materials are all preserved 
in the herbarium of the Kyoto University. 

* Biological Laboratory, Faculty of Textile Science and Technology, Shinshu University, Ueda. 
**Reported at the 23rd Meeting of Botanical Society of Japan in 1958. 
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Fig. 1. Somatic chromosomes of Chrysanthemum Makinoi from limestone crevices of 
Mt. Ibuki (A), Mt. Ryozen (B) and Mt. Myojo (C). 

Shimotomai and Tanaka 6 ) revealed that pollen grains of C. Makinoi. var. 
zvakasae?ise, in spite of its relationship of polyploidy, were not different from those 
of the diploid C. Makinoi both in size and shape. As long as the tetraploid 
race from Mt. Ibuki and Mt. Ryozen is concerned, however, it was found that 
pollen grains are evidently larger than those of C. Makinoi var wakasaense and 
rather elliptical in shape comparing with their spheric ones (Fig. 2). An example 
of this comparison of pollen size between the diploid race and the tetraploid one 
is shown in Table 1, where measurement was concerned with length of the longer 
axis of each mature grain. 

CoEsideratiou 

The origin of this tetraploid C. Makinoi is one of the most interested pro¬ 
blems. C. Makinoi var. wakasaense is possible, though not easily, to be dis¬ 
tinguished from var. Makinoi by its robuster stems, larger leaves, more numerous 
heads and shorter peduncles 3 )’ 4 ). But, no specimens from Mt. Ibuki and Mt. 







Tab. 1. Comparison of size and 
frequency of pollen grains. 

I. Diploid race from Mt. Hiei. 

II. Tetraploid race from Mt. 
Ibuki. 


. Pollen grains o'f C. Makinoi. 
Tetraploid race from Mt. Ibuki. 
Diploid race from Mt. Hiei. 


Ryozen bear so robust stems and so large leaves as those of var. xvakasaense. 
The variation of leaves in these two races will be seen in Fig. 3, where each 
leaf is denoted by the largest representative of each individual. Regarding pollen 


Leaves of the tetraploid C. Makinoi (1—5) and of C. Makmoi 
wakasaense (A—E). xl/3. 


grains, the present tetraploid is larger than those of var. wakasaense as evident 
in the above. Furthermore, their, ecological situations are also different, one in 
the coast and the other in the mountain far from the coast. Therefore, my 
conclusion is that the tetraploid in question is not referable to var. wakasaense. 
Probably, it may be not of hybrid origin such as between C. indicum and the 
diploid C. Makinoi. At Mt. Ibuki and Mt. Ryozen, there seem to be absent 
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any other species of Chrysanthemum. .. 

Then, the next question is whether the new tetraploid race is expected to 
be autopolyploid. Since chromosome size and form of Chrysanthemum species, as 
DowrickT pointed out, are not so variable both within and between the species, 
it is much difficult to decide the karyotype formulas. Unfortunately also in my 
case, some chromosomes are of difficulty to be decided if they are median or 
submedian as well as submedian or subterminal. Although the final decision of 
the karyotype formulas should owe to more elaborate investigations, my opinion 
is as follows : 

Diploid C. Yakinoi .K(2n)=T8=: 8A m + 4Bsm-j~ 6Qst ; 

Tetraploid C. Yakinoi .K(2n)=36= 16A m + 8B3m-(-l2C st ; 

or else, K(2n)=36=16Am+ 10Bsm + 10CM . 

It is of high probability, I suppose, that the new tetraploid race might be auto¬ 
polyploid. If so, the formation of this autopolyploid will remain questionable. 

At the juncture of my discovery of the present race, I just thought that its 
formation might be due to calcareous habitat. However, the material of Mt. 
Myojo and M. Ishidate, though from limestone crevices, were proved to be diploid. 
Around Mt. Ibuki and Mt. Ryozen, ('. Yakinoi is all tetraploid being indifferent 
to the habitats. This can be a proof that limestone does not necessarily play the 
decisive role for formation of the polyploid. It will be reasonably attributed to 
some geographical factors, which should be inquired into hereafter. But, it is 
worth notice that the tetraploid C. Yakinoi does not occur on Mt. Nonobori, a 
member of the same mountain chain as Mt. Ibuki and Mt. Ryozen. My attempt 
to detect the similar polyploid race from other localities by using herbarium 
materials and by estimating size of pollen grains has failed. Consequently, the 
present polyploid will be restricted to the Suzuka Mountains, but not occurring 
in the areas as south as Mt. Nonobori. Mt Fuziwara, representing the similar 
habitat to Mt. Ibuki and Mt. Ryozen and situated south of the latters, may be 
the third station of the new tetraploid C. Yakinoi. 

Summary 

Chrysanthemum Yakinoi occurring on Mt. Ibuki and Mt. Ryozen in middle 
Honshu of Japan was proved to be a new tetraploid race, 2n=36. No diploid 
race could not be found there at any elevation and in any habitats. Pollen 
grains of this polyploid are distinct from those of the diploid C. Ylakinoi and of 
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var. wakasaense. Morphologically, it is not distinguishable from the diploid race. 
The present race is restricted to the areas surrounding Mt. Ibuki and Mt. Ryozen, 
and mainly to calcareous habitat. 

I wish to express my cordial thanks to Dr. S. Kitamura, Dr. N. Shimotomai 
and Dr. Y. Huziwara for their valuable advices throughout this study. Thanks 
must be due to Dr. N. Koyama. and Mr. T. Takizawa, and also to Dr. Y. 
Momotani for their kind helps and encouragement. , 
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